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NQ	 -0.71	b	 2	x	103	 2	x	103	 340,	440	b	 390,	550	b	 13	±	4	(grow-in)	
185	±	95	(decay)	
NN	 -0.99	c	 8	x	103	 3	x	103	 340	 465,	272	c	 18	±	5	(grow-in)	
185	±	75	(decay)	
a	 ref.	18		
b	 ref.	19	
c	 This	work	(see	Fig.	S12)	
d	 obtained	by	luminescence	titration	with	Os•Zn	in	water	
e	 obtained	by	NMR	titration	with	[Co8(Lnap)12]Cl16	in	D2O	
f	 the	data	presented	here	are	averaged	over	multiple	independent	fits	obtained	from	analyses	
	 of	several	samples.	The	spectra	presented	in	the	SI	are	for	one	individual	experiment	only.		 	
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Scheme	1.	The	stepwise	synthesis	of	heterometallic	cubic	cages:		combination	of	four	pre-formed,	
kinetically	inert	[(Ma)(Lnap)3]2+	units	(Ma	=	Ru,	Os;	1:3	mix	of	fac	and	mer	isomers)	with	four	labile	ions	
(Mb)2+	(Mb	=	Co,	Zn,	Cd)	to	give	[(Ma)4(Mb)4(Lnap)12]16+.		Reproduced	from	Ref.	10a.	
	
	
	
Scheme	2.	Structural	formulae	of	the	mononuclear	complexes	[Os(LH)3](PF6)2	and	[Os(LMe)3](PF6)2	(1:3	
mix	of	fac	and	mer	isomers).	
	
	
	
	 	
Scheme	3:	Structural	formulae	of	guests	used	in	this	work	[1,2,4,5-tetracyanobenzene	(TCNB),	1,4-
naphthoquinone	(NQ),	and	1-nitronaphthalene	(NN)].	
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Figure	1.	Three	views	of	the	crystal	structure	of	the	complex	cation	of	Os•Zn	as	its	perchlorate	salt:	
(a)	a	view	of	the	whole	complex	cation	(in	wireframe)	showing	the	six	surface-bound	6	ClO4-	anions	in	
space-filling	mode;	(b)	a	wireframe	view	of	the	whole	cage	emphasising	the	alternating	disposition	of	
two	metal	ion	types	in	the	metal	superstructure	(red	/	yellow);	and	(c)	a	space-filling	view	of	the	
complete	assembly	emphasising	the	cubic	structure	and	the	windows	allowing	guest	access	to	the	
central	cavity.	
	
	
	
	
Figure	2:	UV/Vis	absorption	spectra	of	Os•Zn	(black),	[Os(Lnap)3]Cl2	(red)	and	[Os(Lme)3]Cl2	(blue),	in	
H2O.		Inset:	luminescence	spectra	of	isoabsorbing	solutions	of	Os•Zn	(black),	[Os(Lnap)3]Cl2	(red)	and	
[Os(Lme)3]Cl2	(blue),	in	H2O,	with	550	nm	excitation.	
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Figure	3:	(a)	Luminescence	titration	of	[Os4Zn4(Lnap)12]Cl16	(0.025mM)	with	1,4-naphthoquinone	as	
guest	in	H2O,	using	excitation	at	550	nm,	up	to	the	point	at	which	cage	is	ca.	90%	occupied	by	guest.		
(b)	NMR	titration	of	the	isostructural	cage	[Co8(Lnap)12]Cl16	(0.15mM)	with	increasing	NQ	guest	
concentration	(up	to	16	equivalents),	in	D2O.	
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Figure	4:	Two	views	of	the	crystal	structure	of	the	cage/guest	adduct	[Co8(Lnap)12](BF4)16•0.66(TCNB)	
showing	the	presence	of	the	bound	guest	in	the	cavity	of	the	cage	cation	[Co8(Lnap)12]16+,	which	is	
isostructural	with	the	cage	cation	of	Os•Zn.		Top:	view	of	the	complete	cage	(H	atoms	not	included)	
showing	the	position	and	orientation	of	the	guest.		Bottom:	a	view	showing	the	guest	and	only	the	
two	opposed	fac-tris(chelate)	metal	complex	vertices	that	form	the	hydrogen	bond	donor	pockets,	
with	the	collection	of	inwardly-directed	H	atoms	that	participate	in	CH•••N	H-bonding	interactions	
with	N(15G)	and	N(17G)	shown	in	yellow.		A	short	intermolecular	distance	2.90(1)	Å	is	apparent	
between	cage-encapsulated	methanol	oxygen	atom	O(11S)	and	the	guest	cyano	carbon	atom	C14G.	
The	distance	and	angle	[O(11s)•••C(14G)-N(15G),	101.6(3))	are	consistent	with	the	Burgi-Dunitz	
angle	describing	the	approach	of	a	nucleophile	to	an	unsaturated	carbon	atom	(see	SI).	
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Figure	5:	Transient	absorption	spectra	at	a	series	of	time	delays	from	1	ps	–	5ns	in	H2O,	following	400	
nm,	40	fs	pulse	excitation	for	(a)	[Os(Lme)3]Cl2,	(b)	Os•Zn,	illustrating	the	similarity	of	their	excited-
state	behaviour.	
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Figure	6.		Transient	absorption	spectra	(400	nm,	~40	fs	excitation,	in	water)	obtained	by	subtracting	
spectra	at	selected	shorter	time	delays	(5	ps	to	1	ns)	from	a	spectrum	with	a	time	delay	of	5	ns,	for	
the	complexes	of	Os•Zn	with	the	3	different	guests	TCNB,	NN	and	NQ.		
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Figure	7.	Transient	absorption	spectroscopy	data	obtained	under	400	nm,	~40	fs	excitation,	in	water.		
(a)	Decay	associated	spectra	of	the	Os•Zn/TCNB	complex,	with	the	red	line	corresponding	to	the	
transient	spectral	features	that	have	a	decay	constant	of	205±60	ps,	and	brown	line	corresponding	to	
the	transient	spectral	features	of	Os•Zn	only	with	a	decay	constant	of	25	ns	(long	time	constant).		
The	asterisk	(*)	indicates	the	most	prominent	spectral	feature	in	the	short-lived	excited	state	of	
Os•Zn/TCNB	that	is	not	present	in	the	longer-lived	excited	state	of	Os•Zn,	and	corresponds	to	the	
main	absorption	feature	of	TCNB•–.		(b)	The	excited-state	spectra	of	each	of	the	three	Os•Zn/guest	
complex	assemblies,	obtained	by	subtracting	the	spectrum	associated	with	the	long	decay	constant	
(arising	from	the	free,	unquenched	Os•Zn	that	is	present	in	the	equilibrium)	from	the	spectrum	
associated	with	short	decay	constant	(arising	from	the	Os•Zn/guest	complexes	in	each	case;	see	Fig.	
S8)	to	emphasise	the	short-lived	components	(TCNB,	purple;	NN,	red;	NQ,	green).			
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Figure	8.	Excited	state	decay	kinetics	obtained	from	transient	absorption	spectroscopy	data	from	the	
Os•Zn/TCNB	complex	in	water,	at	460	nm	(averaged	over	5	nm).		The	traces	correspond	to	free	
Os•Zn	(black);	the	Os•Zn/TCNB	complex	[blue,	with	the	obvious	appearance	of	the	short-lived	
transients	corresponding	to	(i)	formation	and	(ii)	decay	of	the	charge-separated	state	(see	Table	2	for	
lifetimes	of	these,	and	detailed	kinetic	data	in	the	SI);	and	Os•Zn/TCNB/cycloundecanone	(green).		
The	green	trace	shows	the	loss	of	the	short-lived	grow-in	and	decay	components	when	the	guest,	
though	still	present	in	the	mixture,	is	displaced	from	the	cage	cavity	by	stronger-binding	
cycloundecanone	(C11).		At	460	nm	both	the	grow-in	and	decay	of	the	charge-separated	state	are	
particularly	clear	as	this	is	the	absorption	maximum	of	TCNB•–.	
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Synopsis	for	Table	of	Contents	
An	octanuclear	cubic	Os4Zn4	coordination	cage,	containing	Os(II)	tris-diimine	units	at	four	of	the	
eight	vertices	which	are	good	photo-electron	donors	from	their	3MLCT	excited	state,	perform	
photoinduced	electron	transfer	to	electron-accepting	organic	guests	which	bind	in	the	central	cavity	
in	water	via	the	hydrophobic	effect:	the	resulting	charge-separated	states	have	lifetimes	of	ca.	200	
ps	and	have	been	characterised	by	transient	absorption	spectroscopy.	
	
	
